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REMARKS 



The Office has maintained the following rejections of the 
claims that were made in the Office Action dated September 25, 
2008, These rejections have been made Pinal. 



Claims 1-5, 7, 10-11, 13-17 and 40 are rejected under 35 
U.S.C. § 102 as being anticipated by Kasai et al. (US 4,776,959). 



Claim 6 is rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Kasai et al- (US 4,776,959) as* applied to claim 
1 in view of Graiver et al . (US 5,429 f 839) . 

Claim 8 is rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Kasai et al. (US 4,776,959) as applied to claim 
7 in view of Nagamoto et al . (US 5, 023 , 052) . 

Claim 9 is rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Kasai et al . (US 4,776,959) . 

Claim 12 is rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Kasai et al- (US 4,776,959) as applied to claim 
1 in view of Ricketts et al . (US 2,715,091) . 

These rejections have been overcome by amending the claims to 
precisely recite that in the modified substrate according to the 
present invention the hydrophilic polymer is covalently bonded to 



Claim Rejections - 35 U8C § 102 



Claim Rejections - 35 V3C §103 
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a surface of the precursor substrate. Although the specification 
does not explicitly describe that the hydrophilic polymer is 
covalently bonded to a surface of the precursor substrate, a person 
of ordinary skill in the art would understand from the description 
in the specification of the method for immobilizing the hydrophilic 
polymer on the surface of the precursor substrate that the 
immobilization, i.e., bonding, occurs via covalent bonding. 

The specification describes that the modified substrate of the 
present invention is obtained by irradiating the substrate with 
radiation while the substrate is brought into contact with an 
aqueous solution containing a hydrophilic polymer. (See the 
specification at, for example, page 4, lines 5-9 and 14-18; page 5, 
lines 6-10; and page 19, lines 4-18) . The method of the present 
invention for preparing the modified substrate will inherently 
result in covalent bonding. This fact is evidenced by, for 
example, the description in U.S. Patent No. 5,938.929 ("Shimagaki 
et al,"), submitted with this response. In column 11, lines 33-47, 
of Shimagaki et al. it is described that radiation of gamma-rays 
not only results in cross -linking of a hydrophilic polymer but also 
produces covalent bonds between the hydrophilic polymer and the 
polymer materials used therein. The polymer materials in Shimagaki 

*i \0?-09\ipo-05i-HtO-rcop-oa-116 .vpd 1 2 
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et al. correspond to the precursor substrate of the present 
invention. 

Referring to the Final Action, the Office states that the 
hydrophilic polymer of Kasai meets the limitation recited in the 
claims (prior to the current amendment) of the hydrophilic polymer 
being bonded to a surface of the precursor substrate. However/ it 
is clear that the hydrophilic polymer of Kasai only adheres to a 
substrate, and is not covalently bonded to a substrate as now 
recited in the claims of the application. Therefore, the claims as 
amended distinguish over Kasai. In the present invention, because 
the hydrophilic polymer is covalently bonded to a substrate, the 
modified substrate can prevent the hydrophilic polymer from being 
dissolved into the blood when the modified substrate is brought 
into contact with blood (page 6, lines 6-10 of the specification) . 
The membrane of Kasai will not have such an effect. 

Removal of the rejections of the claims as amended is in order 
and is respectfully requested. 

Applicants have also rewritten claim 16 in independent form. 
Claim 16 limits the modified substrate of the invention to one in 
which the substrate is a hydrophobic polymer comprising 
polymethylmethacrylate and an adsorptivity of the modified 
substrate to interleukin- 6 is at least 0.1 ng/cm 2 . 
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The modified substrate of the present invention can achieve 
high hematologic compatibility while maintaining the adsorption of 
a cytokine such as IL-6 (see page 11, line 4, to page 12, line 1, 
of the specification) . When the substrate is used as a medical 
substrate for adsorbing and removing a cytokine such as IL-6, 
polymethylmethacrylate is particularly preferable as a substrate 
(page 15 , lines 4-9) . 

None of documents cited in the Final Action discloses or 
suggests polymethylmethacrylate as a substrate or adsorption of a 
cytokine such as IL-6. The Office states in paragraph 4 of the 
Final Action that Kasai discloses polymethyl methacrylate- 
polyethylene glycol. But polymethyl methacrylate-polyethylene 
glycol copolymer is a hydrophilic polymer (Col, 5, lines 9-23) , 
which has much different properties from hydrophobic 
polymethylmethacrylate . 

For this reason also, the modified substrate recited in claim 
16 would not have been obvious within the meaning of 35 U.S. C. § 
103 (a) to a person of ordinary skill in the art based on the 
disclosures and teachings of the cited references . 

The foregoing is believed to be a complete and proper response 
to the Office Action dated March 18, 2009, 
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In the event that this paper is not considered to be timely 
filed, applicants hereby petition for an appropriate extension of 
time. The fee for any such extension may be charged to Deposit 
Account No, 111833. 

In the event any additional fees are required, please also 
charge Deposit Account No. 111833. 



Suite 1105 

1215 South Clark Street 
Arlington, VA 22202 
Tell (703) 412-9494 
Fax: (703) 412-9345 
RJK/ff 

Attachment; U.S. Patent No. 5,938,929 



Respectfully submitted, 



Ron^ld^a. Kubovcik 
Reg, No. 25,401 
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[57] ABSTRACT 

Respective hollow fiber membranes suitable for use in 
removing undestred contaminants, from blood, in particular 
in an artificial kidney, have: 

(1) per membrane area of 1.6 m 2 F id viiro clearances fbr 
urea and phosphorus respectively of =195, and =180, 
ml/min, a ^-microglobulin clearance =44 ralAmn and 
an albumin permeability =0.5%; 

(2) an albumin permeability =1.5% and an overall mass 
transfer coefficient Ko=X).0012 cm/min; and 

(3) a vitamin B 12 dialyzance of =135 ml/min and an 
albumin permeability 53%. The membranes can be 
prepared by spinning hollow fibers from a spinning 
solution comprising a polysulfbne, a hydrophilic 
polymer, a solvent and water, the spinning solution 
havjqg a viscosity x at 30 6 C. of 25-130 poiso and a 
quantity y % of water given by: 

-O.Qlx+HSSy £-OX>3 

The membranes can be incorporated into a bcmodialyzcr 
module by a method in which they are preimpregnated with 
a wetting agent, thereafter kepi separate from one another by 
spacer* and then inserted in the module. 

22 Clnlius, No Drawings 
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POLYSULFONE HOLLOW FIBER disclosed in ihc patent literature, many or these disclosed 

SEMIPERMEABLE MEMBRANE dialyzers give an albumin permeability of less than 3.0%. 

However, of these dialyzers, those giving a dialyzance of 

This invention relates to a hollow fiber semipermeable vilaooin Bl (D fil ) of S135 ml/tain Or more or a dialyzance 

membrane and a dialyzer. especially a hemodialyzcr con- s « f utea V> m J of £191 ml/mm or mow per 1.3 m area m 

laining a semipermeable membrane and to methods Cor * module or a 60% or more clearance of ^-microglobulin in 

manufacturing ihe membrane and dialyzer clinical u^e under the blood dialysis mode, are not known. 

As a material of the membrane used for dialers, there . ta «* fieWofihe^mod^lyzers drsUngn^hed capacities 

ujuiviiui ^ my uavuiv.^uv ^ * * , ' - _ for removal of urinal toxic substances arc described in 

were conventionally used a nnmher of prdymenc com- Jp . B . S4373/199 3 jp. A . 23 ai3/1994 and ff.A-300636/ 

pounds such as cellulose acctalc, polyaciylonilnle, poly 10 

(methyl methaaylatc) acd polyamidc. Oq Ihc other hand, However, with the nowadays increasing number of long- 
polysulfonc resin was initially used as an cngmecrmg ph*- {tjm ^ fe ^ aQd diversification of dialysis 
lies material. However, on account of its distinguished technology, higher performance was required of ihe hemo- 
features in heal stability, resistance lr> acids and alkalis, and dialyzers. That is, in on-line filtration and dialysis and 
bio-ad apiabilily* it has become noted as a semipermeable is pu$b-puU filtration and dialysis, a very high water pcrmc- 
membrano material. In general, most of such membranes ability is required, and in ordinary blood dialysis, a higU 
comprised of polymeric materials arc dcficicni in affinity ro capacity for removal of substances of a molecular weight of 
blood because of their hydrophobic surfaces and arc oo1- 10,000 ot higher such as (^-microglobulin is required along 
directly usable tor blood treatment. Thus, methods were with a high capacity for removal oflowcr molecular weight 
devised to render ihem suitable for use in a dialyzer, namely 20 substances furthermore, hitherto, research was directed 
by incorporating into the membranes a hydropMUc polymer towards suppression, as far as practicable, of the permeation 
or inorganic salt as a pore forming material and removing it of albumin which is a useful protein in blood. However, it 
by dissolution to form pores and, at the same time, hydro- was found that harmful substances accumulating in dialysis 
pbilically modifying the polymer surface. Among Ihc com- patienis were strongly bonded to albumin, so membranes 
merci&Uy available dialyzers currently used (three of which 25 allowing permeation of a certain amount of albumin were 
are referred to hereinafter as "Company A's Membrane A". called Cbr, and there are a number of reports of the improve- 
"Company B's Membrane B" and ''Company C's Mem- ment of symproms by hemodialyzers using such mem- 
brane C") for treatment for blood purification, that is, blood branes. 

dialysis, blood nitration and dialysis, and blood filtration, However, hemodialyzers satisfying all of these require- 
those intended to keep the albumin pcrmcabflily at a low ao men rs have not yet been obtained. For example, the polysuU 
level below 0.5$ did not give the effects of C, 4> „^195, fone membrane disclosed in JP-B-54373/1993 is good as a 
Cj^a^n^lSO and ml/ruin, as explained hemodialyzcr but is not satisfactory in that it does not 
more fully below. Although those of the cellulose system provide ihe water permeability required in hemodialysis, 
represented by cellulose triacetate (e.g. Company A's Mem- hcmodiafiltralion and hemofiUlratioa and removal of low 
brane A), generally exhibit a high level of removal of low 35 molecular weight substances in blood dialysis, lac polysul- 
molccular weight urea, they exhibit poor [k -microglobulin fone membrane disclosed in JP-B -300636/1992 provides a 
(hereinafter 0 2 -MG) clearance. For Company A's Mem* satisfactory water permeability but does not have sufficient 
brane A, per membrane area of 1.6 m 2 , tho in vitro urea capacity for removing uremic toxins, particularly those 
clearance is 195 mlAnin or higher, the phosphorus clearance having a high molecular weight such as (3 2 - microglobulin, 
is 180 mlAmn, the albumin permeability is 0.5% or less, but 40 Moreover, il involves problems in production. For example, 
the 1.8 m 2 conversion clearance, per membrane area of 1.8 during manufacture of the hemodialyzer, when incorporai- 
m 2 , of fi 2 -MG is only about 23 mlAnin. On the other hand, ing the obtained hollow fiber membrane into a 
although the polysulfone dialyzers (Company B's Mem- hemodialyzer, polling is carried out in ihe presence of a 
brane B. and Company Cs Membrane C) have a high wetting agent (such as glycerine) which is added in order to 
capacity for removing p 2 -MG, with an in vitro clearance per 45 maintain the water permeability. However, when using the 
membrane area of 1.8 m 2 of at least 44 ml/min, and an membrane disclosed in JF-B-30063671992, the hollow fibers 
albumin permeability not more than OJ$%, the in viiro slick lo one another so ihat it is difficult for the potling 
clearance, per membrane area of 1.6 m 2 , for urea is only 192 material such as polyurclhaoc to permeate into the gaps of 
ml/min or less and for phosphorus as low as 177 ml/min. Of Ihe hollow libers, resulting in seal leakage. Thus, ihere is not 
the dialyzers intended to keep the albumin permeability al a 50 yet provided a polysulfone hollow fiber semipermeable 
level of less than 1.5%, there is none which has a Ko membrane which maintains a high blood filltatioc flow and 
(general mass transfer coefficient), when measured in a low albumin permeability over many hours in clinical use 
diffusion test wilh dcxlran having a molecular weight of and which has a high urinal loxin selective permeability. 
10,000, and wilh measurements taken after 1 hour circular As explained above, wilh particular reference lo corn- 
lion of bovine scrum, which exceeds 0.0012 cm/min. As 55 mercially available dialyzers, il has been very difficult to 
stated above the dialyzers of the cellulose system reprc- provide a semipermeable membrane having high capacities 
scnted by cellulose (riacel ale (such as Company A's Mem- for both clearance of low molcculaT weight urinal toxins and 
brane A) generally exhibil a high clearance of (relatively low clearance of medium molecular weight proteins such as 
molecular weight) urea and moreover, per membrane area of pi-MG, and, to our knowledge, there is no dialyzer currently 
1.6 ra 2 , the in viiro albumin permeability is 0,5% or less. 60 available which has both of these respective capacities 
However, the Ko value, when subjected to die abovemen- realized simultaneously. At least one aspect of the present 
tioned dexiran diffusion lest, is only about 0.0002 cm/min. invention addresses and solves this problem. 
The polysulfone dialyzers exhibit high efficiency in removal Similarly, no currently available membrane is capable of 
of p 2 -MG, but in the abovementioned dexkan diffusion test, achieving, simultaneously a low albumin permeability, in 
the Ko value is about 0.0010 cm/min (Company B's Mem- 65 particular £3, and a high mass transfer coefficient, Ko as 
brane B) or 0.0005 cm/min (Company C's Membrane Q. iaier defined. At least one aspect of the invention addresses 
Referring now more particularly to polysulfone membranes and solves this problem. 
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la addition, as explained above with particular reference should be chosen as appropriate for compatibility with the 
to Ibe patent literature, it has also been particularly difficult main poly&ulfone polymer. 

to provide hemodialyzers capable of achieving, on the one The solvent (3) should dissolve both the polysuLfonc resin 
hand Bq albumin permeability of less than 3% while at the (1) and hydropbilic polymer (2). As such solvents, a variety 
same time achieving a of £135 ml/min and a D H „* of 5 of solvents may be used, including dimethyl sulfoxide, 
£191 ml/min (each per membrane area of 1,3 m 2 ) and a % dimethyl accunnidc. dimethyl formamide, N-tnethyl-2- 
P 2 -MG reduction $ 60%. At leas I one aspect of the invention pyrrolidone and dioxane, but dimethyl acetamido, dimethyl 
addresses and solves this problem. sulfoxide, dimethyl formarmdc and N-methyl-2-pynroKdonc 

Thus, according to a firsl aspect, the invention provides are particularly preferable, 
a hollow fiber membrane, such as a bemodialyzer, hemo- 10 Por the additive (4), any material can be used so long as 
dia&llcr or bcmuonltcr, having it is compatible with the solvent (3) and serves as a good 

(0 an albumin permeability of 0.5% or less; solvent for the hydropbilic polymer (2) and a non-solvent or 

QS) per membrane area of 1.6 m 1 , an in vitro urea swelling agent for [he polysulfone resin (1), and, in particu- 
clearance of 195 ml/min or more^ lar such a material may be water, methanol, elhanol, 

(iii) per membrane area of 1.6 m 2 , an in vitro phosphorus 15 isopropanoi, hexanol or 1,4-bulanediol. However, coosider- 
clearancc of 180 ml/min or more; and ing the cost of production, water is most preferable. The 

(iv) per membrane area of I S a ^-microglobulin additive (4) should be chosen with the coagulation of the 
clearance of 44 ml/min or more* polysulfone resin (1) taken into consideration. 

According to a second aspect, ibe invention provides a Howsoever and which of these components are combined 
polysulfone hollow fiber semipermeable membrane chaxac- 20 is optional, and it will be a mailer of cisc for those skilled 
terized by an albumin permeability of less than 1.5% and, in in the art to select a particular combination giving the 
a dexttan diffusion test using a dexuan having a molecular desired coagulation property. Furthermore, either or both of 
weight of 10,000 and after 1 hour circulation of bovine the solvent (3) and additive (4) respectively may be a 
serum, an overall mass transfer coefficient Kb of 0.0012 mixture of (wo or more compounds. 
cmAnin or more. 25 In the case of a stock solution containing a polysulfone 

Another aspect provides such a membrane according to resin, hydrophilic polymer and solvent such as that for use 
the above first or second aspects of the invention for use in in a method embodying the present invcnlion, the additive 
U10 treatment of blood for removal therefrom of any undes- (4) is to be carefully chosen for the poly-$uJfonic resin (1). 
ired component, in particular use as an artificial kidney In particular, it should be free from mutual interaction with 
membrane, while yet another aspect provides the use of such 30 the polysulfone resin (1), such thai the polysulfone resin (1) 
a membrane for in vitro treatment of blood. maintains a homogenous system on account of the additive 

Membranes and hollow fiber membrane artificial kidneys (4) to such a concentration at which it coagulates as a matter 
comprising such membranes provided by the above aspect of course and has no phase separation produced in a system 
of tbe present invention are obtainable, for example, by a having no hydrophilic polymer (2) admixed. Here, if the 
method described as follows. This method Uses a stock 15 temperature is raised, Ihc molecular morion increases to 
solution obtainable by adding, to a solution having a main weaken the bond particularly between ihc hydrophilic poly- 
hydrophobic polymer and a main hydrophilic polymer mer (2) and Ibe additive (4), then the hydrogen bond is 
admixed and dissolved in a solvent, an additive serving as a broken, and so the apparent concentration of the additive (4) 
non-solvent or swelling agent for the main hydrophobic which is not bonded to the polysulfone resin (1) increases 
polymer. 40 over that at the initial temperature T, resulting in mutual 

A preferred specific method of preparing the stock solu- interaction between the polysulfone resin (1) and the addi- 
tion for use in a method of the present invcnlion will now be live (4) with consequent coagulation and phase separation of 
described in more detail. the polysulfone resin (1). When the quantify of the additive 

The slock solution basically comprises a 4 component (4) in this system is increased, the stock solution system at 
system of (1) polysulfone rosin, (2) hydrophilic polymer, (3) 45 the temperature Thas the additive (4) added in an amount in 
solvent and (4) additive. excess of the amount held by the hydrophilic polymer (2) at 

The polysulfone resin referred to here may comprise the temperature T, and so the membrane forming stock 
repeating units of the formula (1), solution undergoes a phase separation. However, when the 




and it may include, either On these or other residues, a 
functional group. Moreover, any or all of the phenylene 
groups may he replaced by alkylcne groups. 

The hydropbilic polymer (2) is a polymer having a 
compatibility with the polysulfone resin as well as a hydro- 
philic property. Polyvinyl pyrrolidone is most desirable, but 
other polymers wbich may be present additionally or alter- 
natively to the polyvinyl pyrrolidone include a modified 
polyvinylpyrrolidone, for example, a polyvinyl pyrrolidone 
copolymer, polyethylene glycol) and polyvinyl acetate). It 




temperature is lowered, molecular motion of the hydrophilic 
6o polymer (2) is reduced to increase the amount of bonding of 
the additive (4) and thus decrease the apparent concentration 
of (ho additive (4), and so the system becomes homogeneous 
again. If (he temperature is raised again, Ibe system becomes 
inhomogeneous, but with the hydrophilic polymer (2) 
65 added, the amount of the additive (4) bonding with the 
hydrophilic polymer (2) increase to give a homogeneous 
system. 
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A preferred range of concentrations of the polysulfone 
resin (1) which esq allow formation of a membrane having 
the characteristics desired for a hollow fiber membrane 
dialyzcr of the present invention is 13-20% by weight of the 
solution, 1to obtain a high water permeability and a large s 
fractional molecular weight, the polymer concentration 
should be somewhat reduced, and il is more preferably 
by weight. If it is less than tb% by weight, a 
sufficient viscosity of the membrane forming stock is diffi- 
cult to obtain, making il difficult (o form a membrane. If it 10 
exceeds 20% by weight* hardly any penetrating pores are 
formed. 

Hie bydrophilic polymer (2) or, more specifically, poly- 
vinylpyrrolidone is commercially available in molecular 
weights of 360,000, 160,000, 40,000 and 10,000, and such is 
a polymer is conveniently used, although a polymer of any 
other molecular weight can of course be used. The hydro- 
pbilic polymer (2) suitable for the hollow fiber mcmbraoc . 
dialyzer is preferably added, particularly in the case of 
polyvinylpyrrolidone, in an amount of 1—20% by weight or, 20 
more preferably, 3-10% by weight, but the amount added is 
governed by the molecular weight of the polyvinylpyrroli- 
done. When the amount added is too small, hardly any phase 
separation occurs, and when the polymer concentration is 
high and the polymer molecular weight is loo largo, washing z3 
after formation Of the membrane becomes difficult* Thus, 
one of the methods for obtaining a satisfactory membrane is 
to use polymers of different molecular weight and have them 
mixed to assume the roles desired of them. 

In order to prepare the solution, the polymers (1) and (2) 30 
may be admixed, Ibe mixture dissolved in the solvent (3), 
then the additive (4) added. In the case of water in particular, 
il is highly coagufotive for the polysulfone polymer of the 
formula (1), so it should be strictly controlled, preferably to 
an amount of 1.8 percent by weight or less or, more 35 
preferably, 1.05-1.70% by weight, in the case of 
poly acrylo nitrite, il is especially preferable to add this in an 
amount of 2-6% by weight. When a less coagulairve addi- 
tive (4) is used, the amount added increases as a matter of 
course. Adjustment of the added amount ot such a coagu- 40 
la live additive has a relationship with the equilibrium mois- 
ture content of the hydrophobic polymer. As the concentra- 
tion of the additive (4) iocreases, the phase separation 
concentration of the membrane Conning stock solution 
decreases* The phase separation temperature should be 45 
determined in consideration of the pore radius of the desired 
membrane. Typically the membrane is formed by a wet or 
dry/wet spinning process, preferably a dry/wet spinning 
process in which the solution passes through a dry zone 
containing a gas, typically air, at a predetermined relative so 
humidity and thereafter through a coagulating bath contain- 
ing a coagulating agent. In such a process, in the dry zone 
a preferred relative humidity is 60-90%, a preferred tem- 
perature is 25-55° C, more preferably C. and a 
preferred residence rime is 0.1-1 sec, while in the coagu- ss 
la ting bath a preferred temperature is 25-55° C., more 
preferably 30-50° C. The form of the boUow fiber mem- 
brane used in the dialyzer of the invention may be provided 
by allowing an refusing solution to Dow inside the stock 
solution when it is discharged from the annular spinning 60 
orifice and run through a drying zone to a coagulation bath. 
Here, the humidity of the dry zone is very important. By 
supplying moisture through me outer surface of the mem- 
brane wmle running it through the wet section, this enables 
acceleration of the phase separation at about the outer 65 
surface and enlargement of the pore diameter, thus providing 
the effect of reducing the permeation and diffusion rcsis- 



6 

lance at too time of dialysis. If the relative humidity is too 
high, coagulation of the slock solution an the outer surface 
prevails to reduce the pore diameter, resulting in an increase 
in the permeation and diffusion resistance at the time of 
dialysis. Such relative humidity is governed greatly by the 
composition of the slock solution, so it is difficult to define 
simply the optimum point, but a relative humidity of 
60-90% is preferably used. For case of processing, the 
infusing solution preferably comprises basically the solvent 
(3) used In the stock solution. The composition of the 
infusing solution directly affects the permeation and diffu- 
sion capacities of the activated layer, so it must be precisely 
determined. In the foregoing range of stock solution 
compositions, the composition of the infusing solution is 
greatly affected by the composition of the stock solution, so 
ii isdifEculi to define simply the optimum point. Here, when 
dimetbyhcetamide, is used, for example, an aqueous solu- 
tion of 60-75% by weight is preferably used. 

It is very difficult to define ihe optimum membrane 
forming slock solution, but through combination of lhe 
properties of the four components within the above range of 
compositions, a particular stock solution can be chosen For 
providing a desired polysulfone hollow fiber semipermeable 
membrane of the invent ion- 

Panicular reference has been made earlier to problems 
arising from the methods of preparing hemodialyzers 
disclosed, for example, JP-B-5437371993, JP-A-23S13/1994 
and JP-A-300636/10Q2, especially the difficulty in achieving 
an albumin permeability of ^3% while ai the same lime 
achieving, a D jai of ai least 135 ml/min and a of at least 
191 ml/min, each per membrane area of 13 m 2 and % 
p 2 -MG reduction ^60ft, all measured under conditions as 
later described. 

According to at least a third aspect of the invention, 
membranes providing such a simultaneous combination of 
characteristics can be obtained. 

Thus, the invention provides, according lo yet another 
aspect, a polysulfone hollow fiber membrane having an 
albumin permeability ^3% and a D B1 (per membrane area 
of 1.3 nr) of ^135, preferably a £140 ml/min, and pref- 
erably also a (per membrane are of 1.3 m*)£101, more 
preferably —19$ ml/min, and also preferably a &p 3 -MG 
reduction £60&, more preferably £70%. 

In particular, by using hollow fibers obtainable by spin- 
ning a particular spinning solution (which may be as 
described above in relation to aspects of the invention earlier 
described) and infusing solution under particular conditions 
of lhe drying zone (details of which are described later), a 
membrane having characteristics paificulariy desirable for 
hemodialysis can be obtained, and, moreover, a hemodialy- 
sis module containing such membranes can be- provided 
without deterioration of the membrane, thereby maintaining 
such desired characteristics. For such a purpose, lhe module 
is fabricated with a sufficient amount of a welting agent 
imparled lo the hollow fibers, and after tbe wcttiog agent has 
been removed, the hollow fibers can be filled with water to 
give a desired product- Hero, if the bundle of hollow fibers 
is provided with lhe wetting agent imparted to (he hollow 
fibers, the hollow fibers stick to one another to make it 
difficult to form a sealing plate by the potting material, 
according to one aspect of the invention, so in a more 
preferable method, spacers are inserted lo prevent adhesion. 

That is, according to one aspect of the invention, a 
polysulfone hollow fiber type hemodialyzcr is manufactured 
by a method characterized by preparing a bundle of hollow 
fibers with a sufficient amount of a welting agent imparted 
to the hollow fibers, forming them into at least one seating 



PAGE 23/31 ' RCVD AT 7/2012009 7:39:33 PM [Eastern Daylight Time] 1 SVR:USPTO-EFXRF-6/31 1 DNIS:2738300 * CSID:703 412 9345 1 DURATION (miB$):06-1 0 



Jul. 20. 2009 7:43PM Kubovcik and Kubovcik 



No. 0440 P. 24 



5,938,929 

7 8 

plate, preferably a pair of scaling plates, one at each respec- (K-90) of a weight average molecular weight of about 

live opposite axial cod region of the hollow tubular fibers, 1,100,000 and changing the mixing ratio, 

then rinsing the welling agent with water and sterilizing, Ip a preferred specific example, where dimethylacetamidc 

which hemodialyzer is thereby capable of exhibiting an is used as a solvent, AMOCO Corporal ions's Polysulfon 

albumin permeability of 3.0ft or less and a vitamin B ja 5 P-3500 used io a concentration of 18% by weight, and 

dialyzance, per membrane area of 1.3 m 2 , of 135 ml/min or polyvinylpyrrolidone used in a concentration of 9% by 

higher. weight, the mixing ratio of K-30 and K-90 is within the 

Furthermore, according lo this manufacturing method, by range of about 9/0-5/4 or, more preferably, about 8/1-5.5/ 

employing preferable conditions described herein, it is pos- 3*5. 

sible lo obtain a hemodialyzer which is characterized by an 10 Id the spinning solution used in a method according to the 

albumin permeability of 0.1% (o 2.4% and a vitamin 12 present invention, it is preferable lo add a small amount of 

dialyzance of 137 ml/min or higher. Moreover, through as water as an agent to regulate the pore diameter in the hollow 

combination of ttiotc preferable conditions, it is possible to fiber membrane. 

ob uin a hemodialyzer which is characterized by an albumin Thus, according lo a particular method aspect of Ihe 

permeability of 0 3% to 2.0% and a vitamin B i2 dialyzance is invention there is provided a method of manufacturing a 

of 140 ml/min or higher. poiysulfbne hollow fiber membra oe, which method com- 

Also, by employing more and more preferable manufac- prises spinning hollow fibers from a spinning solution 

Curing conditions in Ihc manufacturing method of Ike present comprising a polysulfone, a hydrophilic polymer, a solvent 

invention, it is possible to obtain a hemodialyzer exhibiting for each of the poiysulfbne and hydrophilic polymer and 

a urea dialyzaoce of 191 ml/min or higher, 192 ml/min or 20 water, which spinning solution has a viscosity x (poise) al 

higher, and even 193 ml/min or higher. 30° C. within the range of 25-130 poise and a quantity y (wt 

Furthermore, according (o Ihe method of the present %) of water present in the spinning solution wiihin the range 

invention, again by employing more and more preferable satisfying the formula 

conditions, a hemodialyzer having a hollow fiber membrane nnt , MK< , - ^ , d 

exhibiting a water permeability as bigh as 500 25 

nU/hr.mmHg.m 2 ' or higher, 600 ml/br.mniHg.in* or even 700 When such a method is employed and more particularly, 

mVhr.mmHg. m 2 or higher is obtainable. Indeed, a hollow when the mosl preferred solvent, dimcthylacctamide is used, 

fiber membrane obtained by a method of the present inven- a hollow fiber membrane of good cbaraclcri sties is obtain- 

tion and giving the best clinical evaluation exhibited a water able. When the water quantity y (wt %) contained in (be 

permeability higher lhan 800 mWirmmHgjn 2 . 30 solution is wiihin the range satisfying the formula 

Ihc % removal of (^-microglobulin and the dialyzance of -oxtt** 55s som^ns 

vitamin B 15 > in clinical evaluation are positively correlated, y ' 

and the vitamin B 1Z dialyzance may be regarded as the best ii is more preferable. In ihc above formulae, x represents the 

index of ihe membrane capacity. viscosity (poise) at 30* C of the spinning solution, and x is 

Preferred conditions and process steps in methods 35 wi thin the range of 25-130 poise or prefer ably 4O-110 poise, 

embodying the invention are now described. When the amount of water added is smaller, clouding of 

The concentration of the polysulfoue resin in the spinning the spinning solution due lo long storage may be checked 

solution in the manufacturing method according to the (here, it seems thai ihe clouding occurs as the poiysulfbne 

invention is preferably 14-22% by weight and more prcf- oligomer crystallizes, and this is nol desirable in that if the 

erably 17-19% by weight. 40 clouding proceeds, end breakage tends (o occur in spinning), 

The concentration of ihe hydrophilic polymer is prefer- but the pore diameter is reduced lo reduce the capacity of ihe 

ably 5-12% by weight and more preferably 7-10% by membrane for clearing substances of a molecular weight of 

weight. 10,000 or higher such as (^-microglobulin, and this is not 

For obtaining a hollow fiber membrane of good charac- desirable. Conversely, when the amount of water added is 

(eristics particularly as a hemodialyzer by spinning al a high *5 greater, mis is not desirable in that the spinning solution 

speed (which is desirable for reasons of economy), the tends lo lose stability and cause clouding, and furthermore 

viscosity of ihe spinning solu tion is an important factor. Too ihe albumin permeability becomes loo high, 

low a viscosity is not preferred in thai end breakage or Moreover, in a preferred manufacturing method of ihe 

variation of hollow fiber diameter occurs while control of invention, an infusing solution is extruded from the center of 

the albumin permeability becomes difficult. On Ihe other 50 (he spinneret to control ihe inner surface of the hollow fiber 

hand, too higb a viscosity is not preferred in that variation by its coagulation and thus provide a membrane having good 

of the thickness of (he hollow fiber membrane is enlarged characteristics as a hemodialyzer. The infusing solutioo is 

while its capacity to clear urinal toxic substances is reduced. generally used for the purpose of gradually coagulating ihe 

In the spinning solution according to the manufacturing spinning solution from Ihe inner surface of iho hollow fiber 

method of the invention, especially if dimethyl ace tamide is 55 to form an asymmetric structure, preferably having an 

used as a solvent, the viscosity al 30° C. is preferably wiihin overall porosity of at least 78% and preferably having a fine 

the range of 25-130 poise (about 35-170 poise at 20* C.) or, active layer of the separation membrane, which preferably 

more preferably, 40-110 poise. has an average pore radius §10 nm, more preferably 58 nm, 

Control of the viscosity may be made through adjustment especially = 7 nm. Hence the infusion fluid is preferably low 

of the concentration and/or molecular weight of the potysuL- 60 in its ability to cause coagulation, and an organic solvent 

fone resin and/or concentration and/or molecular weight of such as alcohol is usable independently or in a mixture with 

the hydrophilic polymer iu Uie spinning solution. The mosl water. 

preferable method is to change the molecular weight of ihe According to the present invention, a mixture of the 

hydrophilic polymer. solvent used for the spinning solution a nd water is preferable 

Por example, a desired Viscosity may be provided by 6S for ease of recovery and for ob laining high performance, and 

rnixing polyvinylpyrrolidone (K-30) of a weight average a mixed solvent of dimclhylacelamide, which is ihe rnosl 

molecular weight of about 40,000 and polyvinylpyrrolidone preferable solvent, and water is more preferable. 
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When a mixture solvent of dimetbylacetamide and water For the welling agent, there may be used an alcohol such 

i3 used, the quantity of water z (weight %) contained in the as glycerine, ethylene glycol, polypropylene glycol or poly- 

iofusing solution is defined by the viscosity of the spinning ethylene glycol which prevents drying of the bundle of 

solution in order to obtain a membrane having good char- hollow fibers even when it is allowed to stand in air or an 

actcristics as a hemodiatyzer of the invcniioo, and it is 5 aqueous solution of an inorganic salt; however, glycerine is 

preferably in the range satisfying the formula particularly preferable. 

_ ^ _ It is especially preferred to use an aqueous solution of 

O.MZ+2S.S3*£0.14Xi37.5 . • * iV . - - rnt* — u • 

glycerine, preferably containing 50% or more by weight, 

and il is more preferable that the water quantity it (weight %) more preferably 60-75% by weight, still more preferably 

contained in the infusing solution is in the range satisfying 10 65-72% by weight of glycerine in order to prevent detcrio- 

lhe formula ration of the permeability of the membrane through drying. 

Imparting the wetting agent may prevent deterioration of 

o.Mx*3s.s i ojuxts the membrane perloimancewmle fabricating il into a hemo- 

where x is the viscosity (poise) of the spinning solution at dialyzer. However, conversely, in forming a seating p] ale by 

30° C. end x is within the range of 25-130 poise or more is means of a polling material such as a polyureihane, a 

preferably 4O-110 poise. problem arises in that adhesion of the hollow fibers to one 

Amembraoe having good characteristics as a hollow fiber another tends to occur and this renders it very difficult for the 

membrane for hemodialysis is obtainable by having both potting material to permeate into the gaps of the hollow 

water quantity y (weight %) in spinning solution and water fibers, resulting in seal leakage precluding separation of 

quantity z (weighi %) in infusing solution to satisfy the 20 blood and dialy&Uc by the sealing plate. In order to resolve 

foregoing formulae respectively. such a problem, a method which may be employed is that of 

If the water content is less, coagulalion of the spinning storing (he bundle of hollow fibers in an atmosphere of tow 

solution or that from the inner surface is slow, tending to humidity for a long period of time after it has been inserted 

cause end breakage in the drying zone and higher perme- into a casing of the hemodialyzer (for example, storing in a 

alion of proteins including albumin. likewise, an excessive is room of a relative humidity of 40% for about 3 days) or thai 

water quantity is not preferable in thai the capacity of the of loaning the ends of the fiber bundle by applying an air 

membrane to remove substances of greater molecular weight fiow of a very low humidity to end parts, then a strong air 

such as p 2 - microglobulin is reduced. On tho other hand, its flow in a vertical direction to both end faces, of (be hollow 

capacity (o remove low molecular substances is also reduced fiber bundle (for example, applying air ai a temperature of 

as the waier content is increased further, 30 4 0-50° C. and a relative humidity of 10% or less to both end 

The hollow fiber membrane of the present invention may parts of the casing for about 2 hours, then blowing air 

be spun by (he wet spinning method according to which the strongly in a vertical direction upon the end parts to loosen 

spinning solution and infusing solution provided as stated the hollowfibers at the end pans) before formation of the 

above are directly led from (he annular noz2le spinneret to sealing plate. However, the more preferable method is to 

the coagulalion bath or by the dry/wet spinning method 35 introduce spacers for preventing adhesion of the hollow 

according to which the hollow fiber from the spinnerei is fibers to one another during the process before preparation 

once oxposcd to a gaseous phase then led to I be coagulation of the hollow fiber bundle after the wetting agent has been 

baih. Here, in order lo obtain good performance, the dry/wet added. 

spinning method having the fiber run in the gaseous phase When used as a hemodialyzcr, this method of introducing 

(drying zone) preferably for 0.1-1.0 second or, more 40 the spacers has also another clTect of allowing ihe dialyzale 

preferably, 0.2-0.8 second is desirable. lo flow to the central part of the hollow fiber bundle to 

As the condition of Ibe drying zone, a relative humidity of enhance the dialyt ic performance. Introduction of the spac- 

40% or more is preferred, and a good performance is ers may be implemented by imparling spacer yarns of 

provided through contact with a moist air flow of a relative polyester, polyamide, polyacryloniirile. cellulose acetate, 

humidity of preferably a1 least 60%, even more preferably 45 silk or cotton along, or helically winding ihem around, one 

70% or higher, most preferably 80% Or higher, say up lo or two hollow fibers. 

90%. To completely prevent the seal leakage by such a method, 
Next, (he spinning solution, now in ibe form of hollow il may be necessary to use a thick spacer yarn of a diameter 
fiber spun out of the spinneret is led to the coagulalion bath. of about one half or more (about 120 microns or more) of the 
In the coagulalion bath, il cominglcs with the solvent, but as so outer diameter of hollow fiber, leading to a greater diameter 
il comes into contact with the coagulating solution wliich is of the case of the hemodialyzcr, and this is not so preferable, 
a noo-solvont having a property to coagulate the polysulfbne A more preferable mclhod is to introduce spacers in two 
resin, it forms a membrane of a structure in the form of a steps, as described below, lb at is. in the first step, unit 
coarse porous sponge as a supporting layer from the side of hollow fiber elements arc produced by the method of either 
the outer surface. 55 imparting or helically winding spacer yams of polyester Or 
For the coagulation bath, a non-solvent or a mixture of lhe bko along or around one or two hollow fibers and, in the 
two or more non-solvents may be used, but from the point second step, bundles of hollow fibers are provided by 
of view of recovery of the solvent, a mixture of the solvent helically winding the spacer yarns as spacers around an 
of the spinning solution and water is preferably used. aggregate of four or more said unit hollow fiber elements, 
lhe hollow fiber coming out of the coagulation bath is 60 and five ox more of said hollow fiber bundles are assembled 
rinsed with water for removal of a substantial part of the into a bundle of a specified number of hollow fibers for a 
solvent component, and il is immersed in a solution of a hcmodialy^er. In ibis case, the unit hollow fiber elements are 
welting agent, cut to a predetermined length and assembled preferably provided by the helical winding method, 
to provide a predetermined number of fibers. Then, the For the spacer yarns introduced in the first and second 
solution of the wetting agent, which has substituted the 65 steps, relatively bulky and stretchable crimped fibers, fin- 
infusing solution inside the hollow fiber at the lime of ished yarns and spun yarns are preferably used. In addition, 
immersion , is removed to form a bundle of hollow fibers. iheir thickness is preferably finer than thai of the polysulfone 
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hollow fiber, more preferably about *4o of the outer diameter present in the hollow fibers of ihe product to provide a 

of hollow fiber, and a fineness of Vi to Vlo of Ihe outer memhrflnt having good affinity with water and thus exhibit 

diameter of hollow fiber is preferable. (he high performance attainable by membranes embodying 

Such introduction of spacers facilitates formation of the the present invention. For insolubility through cross-1 inking 

scaling plate under conditions where the wetting agcnl is 5 of polyvinylpyrrolidone, it is of course possible to separately 

imparted in a concentration (quantity) sufficient to prevent apply radiation before sterilization, but it is preferable for 

deterioration of the performance of the membrane by drying, obtaining a membrane of high performance to simulta- 

and by this procedure, hcraodialyzers having a high water ncously implement the cross-Unking and sterilization by 

permeability and a high capacity for removal of urinal toxic radiation. 

substances and having an albumin permeability controlled to 10 Preferred embodiments of the invention will now be 

3% or less, are obtainable in a high yield. described in more detail with reference to the following 

Fabrication (modulation) of the bundles of hollow fibers Examples in which parts arc by weight unless otherwise 

thus obtained into hcmodialyzers is practicable by any stated. 

conventional method. , Evaluation of the performance of membranes according to 

Ihat is, for example, fiber bundles are inserted in a case is the invention was made by the following methods, 

of, say, polystyrene resin, and using a potting material such (1) Water Permeability 

as a polyurelbaoe, a sealing plate through which the hollow Using 30 hollow fibers of a length of about IS cm 

fibers pass is formed at each end of the case using a obtained by cutting the case of a completed hcmodialyzer 

centrifugal force, then a leak lest is performed before the product Lc. subsequent to its radiation by gamma-rays, a 

bundles are formed into the hemodialy2cr. 20 small glass lube module is prepared by repotting respective 

Next, the very small amount of solvent and wetting agent opposite ends of the fibers, and the differential pressure 

which may remain in the hollow fiber membrane is removed between the inside and outside of the membrane, that is, 

by washing with water, then sterilization is carried out while intermcmbrano differential pressure, is measured by penne- 

water fills ihe membrane to provide a desired hcmodialyzer atioo of water at a pressure of about 100 mmHg and 

product. Washing may bo carried out using water at about 25 expressed in rnl/hr.mmHg.m 2 . The water permeation per for- 

room temperature, up to, say. 90° C-, but is preferably mance was calculated by the following formula - 

carried out at a temperature of at least 40* C In particular ura^W^^h^ 

it Lakes a period of about 2 hours at 55° C. or 15 minutes at v ^ ^* 

80 e C, so washing with warm water at 55* C. or higher is where Qw is the amount of the filtrate (ml), T the efflux lime 

especially preferable. It is also possible (0 employ repeated so (br), P the pressure (mmHg), and A the area of the membrane 

washing, for example, washing for a short time, then warm- (nr) (in terms of the area of the inner surface of the hollow 

ing at 50 s C. or higher, and again washing for a short time. yarn). 

In the case of a blend membrane additionally containing (2) Determination of Diffusion by Dcxtran 

a water-soluble hydrophilic polymer, there is a danger of Basically, this measurement is made similarly to that of 

dissolution of the hydrophilic polymer when used for mcdi- 3* the diarytic capacity. It is generally as follows. Firstly, a 

cal purposes. hollow fiber membrane dialyzer has a blood side thereof 

Here, it is possible to cross-link the hydrophilic polymer perfused with 500 ml of warmed bovine serum at 37° C. at 
and thus make it insoluble by radiation aod/or heat. 200 ml/miu for 50 minutes but without any flow of the 
Specifically, a heel treatment (about 120° C.) may be given, dialysate, then the dialysale is removed and filtration, Con- 
or gamma-rays or electron beams may be irradiated under 40 trolled by the How rate of the perfusate, occurs at a rale of 
wet eondhions. The exposure dose is adequately 15-S5KGy 20 ml/min for 10 minutes (the foregoing process being 
under a submerged condition. When a dose exceeding 20 regarded as 1-hour circulation of bovine serum). After 
KGy is irradiated, it is possible to carry out a sterilizing storing for 12 hours in a refrigerator, the dialyzer is washed 
treatment sim ultaaeously. Radiation of gamma-rays or elec- by priming with two liters of physiological sale solution 
troo beams produces covalenl bonds with the polymer 45 before il is used for testing. Dextrans of respective varying 
materials, and the dissolution of the hydrophilic polymer is molecular weights (FULKA'a product, weight-average 
checked. In the case of the heat treatment, the hydrophilic molecular weights of 400, 1000, 2000, 20000, 50000 and 
polymer itself gels into a higher molecule and insoluble 200000) are each dissolved in water for ultrafiltration at 
form. For sterilization, any conventional method is respective concentrations each of 0.5 mg/ml so as to provide 
applicable, U?»l is, sterilization with hot water of at 90° C. or 50 a solution containing 3 mg/ml of dexuan with a distribution 
higher or sterilization by radiation using gamma-rays or therein of molecular weights. This solution is warmed up to 
electron beams under the water filled condition. Sterilization 37° C-, and fed to the blood side (inside of the hollow fibers) 
by radiation using gamma-rays or electron beams is a by a blood pump at a flow rate of 200 ml/min, while the 
preferable method in thai it renders the hydrophilic polymer dialyzate side has ultrafiltraled water kept at 37° C. and fed 
in the membrane insoluble through cross-linking. When 55 at 500 mlA^m fo eountercurreni flow 10 that of the blood, 
using polyvinylpyrrolidone which is the most preferable Here, the filtering pressure should be adjusted to zero, 
hydrophilic polymer presem in a membrane according to the Accordingly, the diffusing capacity of the membrane is 
invention, radiation of gamma-rays in a dosage within the determined under conditions under which no ultrafiltration is 
range of about 20 KGy-35 KGy causes insolubility through caused. Feeding is continued for 20 minutes until an cqui- 
cross-linking of the polyvinylpyrrolidone along with stcril- 60 librium slate is established, then samples are taken at the 
izalion as required for medical equipment, aad hence this is inlet and outlet of the blood side and the dialyzing side, 
the most practical method of sterilization . Sample solutions arc subjected to analysis by a GPC column 

Radiation sterilization gives rise to insolubility through (TOSO GPXL3000) at a column temperature of 40* C, and 

cress-linking of polyvinylpyrrolidone simultaneously and the transfer phase at 1 ml/min of pure water for liquid 

thus checks the dissolution of ihe polymer and enhances the 65 chromatography and sample drive of 50 til The general 

safety of the product. In addition, by this method, it is mass transfer coenlcicnl is then obtained by determining the 

possible to allow much more polyvinylpyrrolidone to be change of concentration at the inlet and outlet of the blood 
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side. Thereafter, the Ko value at a poiat corresponding to a 

dexlran molecular weight of 10,000 is obtained- Here, . _ {l-Cfd) 

calibration rausl be £nade with dexlraa of a definite mucy rs>) - KWTf{m + %YT> * 
molecular-weight distribution used before the sample is 

applied to the GPC column. The general mass transfer 5 _ ^ £ w . _ t 

coefficun, Is calculated ft. foUowfcg *„»»!»: <^S^1S^^SL^ .he ..cuctu*. 

aeataoco, a^niiaHCCBl-CBo^BOQ^ of ^ cross-scciion and inner surface are observed by a 

scanning electron microscope. The average pore radius of 

where CBi: module inlet side concentration; CBo: module the active layer is calculated through measurement of a 

outlet side concentration; and QB: module supply liquid 1 freeze dried sample (3_5 cm length, 0.2 g) by the N2 

(perfusate) flow rate (mlmin). adsorption method (BET method). 

General mass transfer coefficient Ko(cmJmin) (8) (%) p^Microglobulin Removal 

Blood dialysis is carried out upon six patients of a weight 

^O^AxiOVft-Q^Q^in (^(CJQ^MHCJO,)]] p) ^ 50 k ^_ 60 fcg a ^-microglobulin level of 25-35 mg/l, 

c 15 heparin being added to the blood during dialysis as an 

wllcrc acli-coBgulant, with a blood flow at 200 mi/min, dialyiale 

A^arca (m a ); and fl ow at 500 ml/min, and water removal in 4 hours at 

Q 0 =dialy$ate flow rale (ml/mio). 2.S-3.51, and the (^-microglobulin concenlrations before 

(3) Measurement of Albumin Permeability and pfter the dialysis are measured and calculated by the 
Bovine blood (heparin treated blood),, of hematocrit value 20 late* irnmuno-aggldhnalion method, with compensation 

30% aod total protein 6.S g/dl, in fed to the inside of the mt >de i$ T the protein concentration, and the mean value is 

hollow fiber at 200 ml/min. Controlling the outlet pressure. used. The % globulin removal is calculated from 
the filtration is adjusted to a rate of 20 ml/min, and the 

filtrate is returned to the blood lank. One hour afler starting c>_ MO - tc fli .„ a xiC^fC^ 

of rcfluxing, the blood and filtrate at the inlet and outlet of 25 c^. MCt x 100 

Ihc hollow fiber side arc sampled. Analyzing the blood side 

by BCO method and Bit role side by CBB method kits, the 

albumin permeability (%) is calculated from the concent ra- where: 

lions: 

30 C^j is the total protein concentration before dialysis; 

2xC/ (4) C«j(2 k tno ,ota l protein concentration after dialysis; 

Albumin F«— M»jr (*) = {CBi+ c Bo) * »» C&mqi & »&o total p^-H* conccntralion before dialysis; 

and 

C 62rM4Sfi is the total fk-MG concentration after dialysis, 

whew Cfc albumin content in filtrate; CBi: albumin content 55 viscosity of Spinning Solution 

at module inlet; and CBo: albumin content at the module 39 Measurement is made using a B-type viscosimeter 

outlet. (TOK3MEKKU Corp., DV-Bll digital viscosimeter) and the 

(4) Determination of in vitro p r MG Removal Capacity spinning solution sampled in an amount of 300 ml or more, 
Basically, this determination is made similarly to that of Wltrj car e taken so that the measurement would not be 

the dialytic capacity. In a nnntmodule of * membrane area 40 ^f^^ by rjte inner diameter of the vessel 

of 25 cm*, human fJ*-MG is dissolved in a concentration of (irj) Dialyzances of Urea and Vitamin B ja 

5 rmj/ml in 30 ml of prcfiltered bovine serum, and the A perfusate for dialysis is obtained by dissolving each of 

solution is perfused to the inside of the hoJlow fibers at a rate $0 g of urea and 1.2 g of vitamin B j2 in 6X1 liters of water, 

of 1 mVmin, while to the outside of the hollow fibers, 140 concentrations of perfusate at the perfusate inlet and outlet 

ml of phosphate buffered saline (PBS) kept at 37* C. is 45 m $ concentrations of dialyzale at the dialyzale inlet and 

perfused at a rate of 20 ml/coin in a closed system. After 0ul j el djaiyzer are measured with the perflate flow 

4-hours perfusion, the solutions of perfusion on the inside sei at 200 ml/min, dialyzale flow at 500 ml/min, and 

aod outside of the hollow fibers are collected. Theo, the filtration speed al 10 ml/min, then the blood-based and 

clearance is calculated, and its value per membrane area of dialyzate-based dialyzances arc calculated, and their mean 

1.8 m is obtained. 50 values expressed in ml/min are employed. 

(5) Determination of the Clearances of Urea and Phosphorus 

Preparing 501 of a physiological salt solution containing EXAMPLE 1 

each of 1000 ppm of urea and 50 ppm of phosphoric acid as 18 Parts of a polysulfone (AMOCO's Udel-P3500) and 9 

blood (Le. perfusate) solution and 1001 of physiological salt parts of polvvinylpvirolidonc (BASF K30) were added lo 

solution as dialysis solution, the concentrations at the blood 55 71.95 parts of dimcthylacetamidc and 1.05 parts of water, 

side inlet and outlet of the dialyzcr are measured with the and the mixture was heated al 90° C. for 12 hours to dissolve 

blood flow set at 200 ml/min, dialyzale flow al 500 ml/min, ihe components into a spinning solution. This solution was 

and the standard clearances on the blood and dialyzale sides extruded from an annular spinning orifice of outer diameter 

are calculated, and their mean values are used. 0.3 mm and inner diameter 0,2 mm together with a solution 

(6) Dctcnmnalion of Porosity 60 consisting of 65 pans of dimcthylacetamidc aod 35 parts of 
A sample is observed using a scanning electron micro- water as a core solution within a sheath of the spinning 

scope to confirm that substantial macrovoids (referring to a solution. The core/sheaih passed from the orifice into a dry 

structure in which macrovoids opeo discontmuously) in the zone which is 300 mm in length and which contains air at a 

inner layer part and the porosity is calculated from the fiber relative humidity of 8S% and a temperature of 30° C, at a 

weight G in a dry condition, hollow fiber membrane size 65 speed of 40 m/min. The core/sheath then entered a coagu- 

(inner diameter ID and membrane thickness WT), polymer luting bath of a 20% aqueous dimethylacelamide solution al 

specific gravity d and hollow fiber length 1 as follows: a temperature of 40° C, in which a hollow fiber membrane 



PAGE 27/31 * RCVD AT 7/20J2009 7:39:33 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-6/31 * DNIS:2738300 « CS!D:703 412 9345 * DURATION (mm-ss):06-10 



Jul. 20.' 2009 7:44PM Kubovcik and Kubovcik 



No. 0440 P. 28 



5,938, 

15 

was formed. This hollow fiber membrane was inserted in a 
esse to form a module with a membrane area of 1.6 cri 1 with 
polling. After irradiation of the module with gamma-rays 
with ihc mcmbraac in a wcl condition, clearances of urea 
and of phosphorus and albumin permeability were deter- s 
mined. The in vilro urea clearance was found lo be 196 
ml/min, phosphorus clearance was 181 ml/min, and albumin 
pcrmcabilily was 0.12%. Further, ihe 1,8 m 2 conversion 
clearance, i.e. clearance per area of 1.8 m z , of p 2 MG was 
44 ml/rain. io 

EXAMPLE 2 

18 Parts of a polysulfoce (AMOCO's Udel-P3500) and 9 
parts of polyvinylpyrrolidone (BASF K30) were added to 
71.70 parte of dimetbylaceiaoiide and 1.30 parts of water, 1£ 
and the mixture was healed at 90° C. for 12 hours to dissolve 
the components into a membrane stock solution. This solu- 
tion was extruded from an annular spinning orifice of outer 
diameter 0.3 mm and inner diameter 0.2 m together with a 
solution consisting of 65 pans of dimethylacetamide and 35 20 
parts of water as a core solution to form a hollow fiber 
membrane under the seme conditions as in Example 1, 
except that the relative humidity of the air in the dry 2t»ne 
was 13% and the dry zone length was 350 mm - Ibis hollow 
fiber membrane was inserted in a case to form a module with 25 
a membrane area of 1.6 m a through polling- After gamma- 
ray irradiation with the membrane in a wet state, clearances 
of urea and of phosphorus and albumin permeability were 
determined. The in vitro urea clearance was 196 ml/min, 
phosphorus clearance was 188 mlAnin, and albumin perme- 30 
ability was 0.17&. The 1.S m* conversion clearance of 
fVMG was 53 ml/min. 

EXAMPLE 3 

as 

IS Parts of a polysnlfone (AMOCO's Udel-P3500) and 12 
parts of polyvinylpyrrolidone (BASF K30) were added to 
68.55 parts of dimelhylacelamide and 1.45 pans of water, 
and the mixture was heated at 90* C. for 12 hours to dissolve 
the components into a membrane stock solution. This solu- ^ 
lion was extruded from an annular spinning orifice of outer 
diameter 0,3 mm and inner diameter o_2 mm together with 
a solution consisting of 65 parts of dimethylacetamide and 
32 parts of water as a core solution to form a hollow fiber 
membrane under the same conditions as in Example 1, 4j 
except that the relative humidity of the air in the dry zone 
was 85% and (he dry zone length was 350 mm. This hollow 
fiber membrane was inserted in a case to give a modulo with 
a membrane area of 1.6 m 2 through potting. After gamma- 
ray irradiation with the membrane in a wei state, clearances 50 
of urea and of phosphorus and albumin permeability were 
determined. The in vitro urea clearance was 197 ml/min* 
phosphorus clearance was 185 ml/min, and albumin perme- 
ability was as 032%. The 1.8 m* conversion clearance of 
fJ 3 -MG was 59 ml/min, ss 

Comparative Example 1 

18 Parts of a polysutfone (AMOCO 's Udc!-P3500) and 9 
parts of polyvinylpyrrolidons (BASF K30) were added to 
72.00 parts of dimethylacetamide and 1.0 part of water, and 60 
the mixture was heated at 90° C. for 12 hours lo dissolve the 
components and thus give a membrane stock solution. Tbis 
solution was extruded from an annular spinning orifice of 
outer diameter 0.3 mm and inner diameter 0.2 mm together 
with a somrioa consisting of 65 parts of dimethylacetamide «s 
and 35 parts of water as a core solution lo form a hollow 
fiber membrane under ihe same conditions as in Example 1, 
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except thai ihe relative humidity of the air in the dry zone 
was 85% and the dry zone length was 550 mm. This hollow 
fiber membrane was inserted in a case to give a module with 
a membrane area of 1.6 m 2 through potting. After gamma- 
ray irradiation with the module in a wet state, the clearances 
of urea and of phosphorus and albumin permeability were 
determined. Ihe urea clearance was 195 ml/min» phosphorus 
clearance was 181 ml/min, and albumin permeability was 
0.12&. Tut L8 m* conversion clearance of 0 2 -MG was 42 
ml/min. 

EXAMPLE 4 

18 Parts of a polysulfone (AMOCO's Udel-P3500) and 9 
parls of polyvinylpyrrolidone (BASF K30) were added to 
71.7 parls of dimethylacetamide and 1.3 parts of water, and 
the mixture was heated at 90* C, for 12 hours to dissolve ihe 
components into a membrane stock solution. Tbis solution 
was extruded from an annular orifice provided by respective 
axial ends of a pair of coaxial tubes of outer diameter 0.3 
mm and inner diameter 0.2 mm together with a solution 
consisting of 70 parts of dimclhylacctamide and 30 parts of 
water as a core solution to form a hollow fiber membrane 
under the same conditions as in Example 1, except that the 
relative humidity of the air in the dry zone was 85%, the 
length of the dry zone was 250 mm and the coagulation 
temperature was 50° C. This hollow fiber membrane was 
inserted in a case to form a modulo with a membrane area 
of 1.6 m* through polling. Next, after gamma-ray radiation 
in a wet stale, ihe albumin permeability was determined, and 
it was 0.75%, and in the diffusion test with dexiran, the 
general mass transfer coefficient Ko after 1 hour circulation 
of bovine serum was, at the dcxtxan molecular weight 
10,000, 0.0018 cm/min. 

This hollow fiber membrane was confirmed lo be a 
membrane having a spongy structure in (he internal layer 
part, a hydrophilic property provided by 
polyvinylpyrrolidone, a porosity of 79.5% and an asym- 
metrical structure with an average pore radius of active layer 

Of 6-7 am. 

EXAMPLE 5 

19 Parrs of a polysulfone (AMOCO's Udcl-P3500) and 9 
parts of polyvinylpyrrolidone (BASF K30) were added to 
70 7 parts of dimelhylacelamide and 1.3 parts of water, and 
Ihe mixture was healed at 90° C. for 12 hours to dissolve the 
component* and form a membrane slock solution. This 
solution was extruded from an annular orifice (provided as 
in Bxample 4) of outer diameter 0.3 mm and inner diameter 
0.2 mm together with a solution consisting of 70 parls of 
dimethylacetamide and 30 parts of water as a core solution 
to form a hollow fiber membrane under the same conditions 
as in Example 1, except that the relative humidity of ihe air 
in the dry zone was 85%, ihe dry zone length was 250 mm 
and the coagulation temperature was 50° C. This hollow 
fiber membrane was inserted in a case (o give a module with 
a membrane area of 1-6 m* through polling. Next, after 
gamma-ray irradiation with the membrane in a wet stale, ihe 
albumin permeability was measured, and was 0.58%, and in 
a dexiran diffusion lest, the general mass transfer coefficient 
Ko after 1 hour circulation of bovine serum was, for a 
dexiran molecular weight of 10,000, 0.0015 cm/mm. 

This hollow fiber membrane was confirmed to be a 
membrane having a spongy structure in the inner layer part, 
and to have a hydrophilic properly provided by the 
polyvinylpyrrolidone, a porosity of 78.2% and an asym- 
metrical structure with an active layer having an average 
pore radius of 6:2 am. 
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EXAMPLE 6 prepared by mixing 60 parts of dunclhylacclairjide and 40 

pans of water was introduced from a central part of ihe 

19 Paris of a polysulfooe (AMOCO's Udcl-P3500) and 9 sjnnncre , nC2 z\t. Selling ihe length of ihe dry zone al 250 

parts of polyvinylpyrrolidone (B ASF K60) were added to mm amJ a u ow i ng a ir of a relative, humidity of 88% to 

70.0 parts of dmxelhylaoeiamide and 2.0 parts of water, and $ fiow in {hf> ^fa^ spinning was carried out ai a speed of 40 

the mixture was healed at 90" C. for 12 hours to dissolve the m/min. The hollow ibread was then led lo a coagulation bath 

components into a membrane slock solution. This solution (dimelbyiacelarmde/water (weigjti ratio)-20/80) at a 1cm- 

was extruded from an annular orifice (provided as in pcrat ure of 40° and the hollow thread coming out of Ibc 

Example 4) of outer diameter 0.3 mm and inner diameter 0.2 coagulation bath was washed and then immersed in a 68% 

mm together with a solution consisting of 63 parts of J0 b yf^i aqueous solution of glycerine. After removing the 

dimethylacetamide and 37 parts of water as a core solution excessive glycerine sticking to the surface, a unit hollow 

to form a hollow u>er membrane under the same conditions fibor dement was provided by helically winding a finished 

as in Example 1, except that the dry zone lenglh was 350 mm false lwis| poly6Slcr yam 0 f 50 denier 5 filaments (about 88 

and the coagulation temperature was 50 a C. Tnis hollow micros) uovn* 2 hollow fibers in a Z direction at 0.5 

fiber membrane was inserted in a case 10 form a module with 15 Ending per 10 mm of hollow fiber. Tneo, assembling 24 

a membrane area of 1.6 m 2 through polling. Nexi after units of wdl vni| noJ]ow gj,^ ejects, the same finished 

gamma-ray irradiation with Ihe membrane in a wet stale, the polV6S ter yarn was wound around the assembly nearly at ibo 

albumin permeability was measured, and was 1.38ft, and in same pitcn in ^ $ direction. By thus providing 2 layers of 

a dextran diffusion lest, the general mass transfer coefficient spacers, an assembly of unit hollow fiber elements was 

Ko afier 1 hour circulation of bovine serum was, for a M fc brica( ' edi By assembly ihen of 271 assemblies of unit 

dextran molecular weight of 10,000. 0.0022 cm/min. noUow fibcr clcmcDl5> a 00 n oW fib er bundle was provided. 

This hollow fiber membrane was confirmed to be a This hollow fiber bundle was revolved in a centrifugal 

membrane having a spongy structure in the internal layer separator to remove the aqueous solution of glycerine 

pari, a hydropbilic property provided by replacing the infusing solution and sealed in the hollow 

polyvinylpyrrolidone, a porosity of 81.2& and an asym- 25 threads to give a bundle of hollow fibers 10 be inserted in a 

metrical structure with an active layer having an average hemodialyzer case. This hollow fiber had an inner diameter 

pore radius of 6.8 nm. of 200 microns and an outer diameter of 280 microns, and 

the hollow fiber bundle had 10,608 hollow fibers assembled 

Comparative Example 2 ^ j L 

18 Paris of a potysulfbne (AMOCO's Udel-P3500) and 9 20 This hollow fiber bundle was inserted in a hemodialysis 

parts of polyvinylpyrrolidone (BASF K30) were added to case of an inner diameter of 40 mm. Then, with a temporary 

71.95 parts of dimethylacetamide and 1.05 parts of water, cap fitted to each end of the case, polyurethane was intro- 

and the mixture was heated at 90° C- for 12 hours to dissolve duced from the inlet of the dialysis solution and then 

the components into a membrane stock solution. This soiu- solidified. Removing the temporary caps and cutting off the 

lion was extruded from an annular orifice (provided as in 55 polyurethane and Ihe end parts of hollow thread bundle 

Example 4) of outer diameter 0.3 mm and inner diameter 0.2 coming oui of the ends of the case, header caps were fitted, 

mm together with a solution consisting of 65 parts of and a leak tesl was conducted using air at a pressure of 0.8 

dimethylacetamide and 35 parts oE water as a core solution kg/cm 2 . 

to form a hollow fiber membrane under the same conditions As the result of (he leak tesl using 1000 samples, failures 

as in Example 1. This hollow fiber membrane was inserted 40 were found in 12 samples. Looking into the cause, they were 

in a case to form a module with a membrane area of 1.6 m 2 found to be caused by end breakage and thread cut due to 

through potting. Then, after gamma-ray irradiation with the simple failure in work or contact of the hollow fiber bundle 

membrane in a wet slate, the albumin permeability was with ihe end pan Or inner wall of ihe case when it was 

measured and was 0.12%, and in a dextran diffusion test, ihe inserted in the case, and there was no seal leakage found in 

general mass transfer coefficient Ko was, after 1 hour 45 (he polyurethane sealing plate. 

circulation of bovine scrum, 0.0009 cm/mio. Nexi, * module found acceptable in the leak lest was 

This hollow fiber membrane was confirmed to be a washed with pure water running through a reverse osmotic 

membrane having a spongy structure in Ihe inner layer part, membrane for 30 minutes ai 80° C. and packed. Then, it was 

a hydropbilic properly provided by the irradiated and sterilized by gamma-rays at a power of 32 

polyvinylpyrrolidone, a porosity of 7S.2& and an asym- KGy, and a hemodialyzer of an effective lenglh of 195 mm 

metrical structure with active layer having an average pore and an effective area of 1.3 m* was provided. Ibis dialyzer 

radius of 5.3 nm. was found to be acceptable for all items of the approval 

standard for hemodialysis apparatus. The water permeability 

EXAMPLE 7 o{ iht hollow fiber cut out of this module was 815 

18 Parts of a polysulrone (AMOCO's "P-3500"), 6 pans mVbc.mmHg.m 2 . The albumin permeability of the module 

of polyvinylpyrrolidone (BASF's "K30"; molecular weight, ™* 1 2 #> dialyzance was 195 mlAnin, and Vitamin B 12 

about 40,000) and 3 parts of polyvinylpyrrolidone (BASF's dialyzanec was 143 mVmiu. 

"K90"; molecular weight, about 1,100,000) were added 10 a Io addition, when this module was used for clinical 

mixedsolulion of 71.95 parts of dimethylacetamide and 1.05 60 evaluation, it gave a very high % p 2 -microglobulin removal 

parts of water, and the mixture heated at 80' C, with stirring at 73% and was found usable without any problem such as 

for 12 hours to dissolve the components. 10 prepare a residual blood, 

spinning solution. This spinning solution was a dyamptp 8 

homogeneous, slightly opaque but otherwise clear solution tAAMrU: 

of a viscosity of 76.9 poise at 30° C. $5 18 Farts of a polysultonc (AMOCO's "P^SOO") and 9 

This spinning solution was extruded from aq annular parts of polyvinylpyrrolidone (BASF's "K-3D") were added 

nozzle spinneret at 30* C, while an infusing soluiion to a mixed solution of 71.6 parts of dimethylacetamide and 
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1.40 parts of water, and the mixture was heated al 90* C Measuring I bo urea and vitamin J112 dialyzances and 

wilh agitation for 12 hours lo dissolve the components and albumin permeabilities, ihe urea diaryzAnces were 187 

form a spinning solution* This spinning solution had a m/min, 195 ml/min and 197 ml/min; vitamin B ia dialyzance 

viscosity of 28.4 poise at SO* C. (33.8 poise al 20° Q. were 122 ml/min, 147 ml/min and 156 ml/min; and albumin 

This spinning solution was extruded from an annular 5 permeabilities were 0.2%. 0.1% and 0.2%, respectively, 

nozzle spinneret at 30° G, while an infusing solution . _ 

prepared by mixing 65 parts of dimethylaceiamide and 35 Comparative Example 3 

parts of walor was injected from the central part of the l8 p am Q f a polysuifone (AMOCO 1 * "P-3500") and 9 

spinneret. The solution emitted from the spinneret entered a part5 0 f ^ polyvinylpyrrolidone (BASF's "K-30") were 

dry zone set at a length of 350 mm, where it was exposed to « addcd t0 a mixc<1 solution of 44 parts of dimethylacetamide, 

moist air of a relative humidity of 84% in this section. 2 8 pails ofdimct by lsutfbxide and 1.0 pan of water, and Ihe 

Spinning was carried out al a speed of 40 rn/min, and a m ix t gre was heated al 80° C with agitation for 15 hours to 

hemodialyzer was fabricated by a method similar to that in dissolve the components and form a spinning solution. This 

Example 7. However, during Ihe course of fabrication, a leak spmn ing solution bad a viscosity of 32-9 poise a! 30° C. Tnis 

lest was conducted wilh 1000 samples used. Failures 15 S p ionil j g solution was extruded from an annular orifice 

occurred in 17 samples, but the causes were the same with Dozzlc spi^,^ „t 30° C, while, as an infusing solution, an 

those in Example 7. admixture of 60 parts of dimethylaceiamide and 40 parts of 

The thus obtained dialyzer of an effective area of 1.3 ra 2 water was injected through the central part of the spinneret, 

was found acceptable for all items of the approval standard Then, a hemodialyzcr was prepared by the same method as 

of hemodialyzers. The waicr permeability of the hollow fiber 20 that in Example 7. 

cut out of the dialyzer was 10 ml/hr.mmHg.m 2 . and the wa(er permeability of the hollow fiber cut out of the 

albumin permeability of the module was 0.4%, and the urea dialer W3& 330 ml/hr.mmHg.m 2 , the albumin permeability 

and vitamin B ia dialyzances were respectively 194 ml/min of lho mo< iuU wa 5 04% and the vitamin B 12 dialyzance was 

and 139 ml/min. In the clinical evaluation of this module, it 132 ml/min In a clinical test to which this module was 

gave a % ^-microglobulin removal of 67% and was found 25 subjected, the ^-microglobulin removal rate was as low as 

usable without any problem such as residual blood. 49%. 

EXAMPLE 9 Comparative Example 4 

IS Parts of a polysulfcoe (AMOCO's "P-3500") and 9 30 After washing the coagulated and desoivated hollow 

pans of a polyvinylpyrrolidone (BASF's "ItaO") were iarcad 0 f Example 7, it was immersed in a 45% by weight 

added to a mixed solution of 71.8 parts of duncthylaceia- aqueous solution of glycerine. After the excessive glycerine 

mide and 1.2 parts of water, and the mixture was heated al sucking to the surface was removed, il was taken on a 

80° C. with agitation for 12 hours lo dissolve the compo- hexagonal hank, each side of which had a length of 60 cm, 

nents and form a spinning solution. This solution had a 35 and air dried at room temperature. Then, by cuuing it out of 

viscosity of 26.8 poise al 30* C. Then, using as an infusing lQ0 a bundle of hollow fibers was prepared. This 

solution, a composition of 60 parls of dimethylaceiamide hollow fiber bundle was an assembly of 10.608 hollow 

and 40 parts of water, a hemodialyzcr was prepared by a The hollow fiber bundle was inserted in a hemodi- 

mothod similar lo lhat in Example 7. nlysis case of an inner diameter of 40 mm. and dry air was 

The water permeability of the hollow fiber cut out of this 40 blown vertically lo both end faces of the hollow fiber bundle 

dialyzer was 740 miyhr.mmHg.ra*, the albumin permeability lo loosen the end parts. Then, sealing plates were formed by 

of the module was 01%, and the urea and vitamin B 12 ihe same method as that in Example 7. Introducing pressure 

dialyzances were respectively 192 ml/min and 136 ml/min, air from the dialyzale side and filling waler to the blood side, 

per area of 1.3 m 2 When this module was used for a clink* I a leak (est was made according to Ihe bubble point method, 

test, it gave a % p 2 -microglobulin removal of 62% and was 45 Then, through the gamma-ray sterilization by the same 

found usable without any problem such as residual blood. method as lhat in Example 7, a hemodialyzcr was prepared, 

PVax/pi p ft watcr Permeability of the hollow fiber cut out of this 

iLAAMrLii 10 module was 410 ml/hr.mmHg.m*, albumin permeability was 

Assembling 170 and 306 bundles of hollow fibers in the 0.3%, urea dialyzance was 190 ml/min, and vitamin B J2 

course of process of Example 7, bundles of hollow fibers 50 dialyzance was 125 ml/min. These values of waler perrne- 

wero prepared, and they were inserted in hemodialysis cases ability and urea and vitamin B 12 dialyzance were all rela- 

of inner diameter 35.S mm and 46.5 mm respectively to lively low. That is, when a low concentration of glycerine is 

produce hemodialyzers by the same method as (hat in added, ihe tube plate may be formed readily without spacers, 

Example 7. but deterioration in the permeability of the hollow fiber 

The effective areas were respectively 1.0 m* and 1.8 m 2 . 55 du * lo c it was difficult to produce a 

and when the vilamin B ia dialyzances were measured, they hemodialyzcr of high performance such as that according to 

were 127 ml/min and 165 mVmin. the present invention, 

we claim: 

EXAMPLE 11 A hollow fiber membrane characterized by, 

Using Ihe bundle of hollow fibers in the course of process " © aD albmin P^eabiliiy no more than 0.5%; 

of Example 9 but changing the assembled number of fibers, membrane area of l£m , an in vitro urea 

bundles of hollow fibers were prepared. Tnen, they were clearance of at least 195 ml/mm; 

inserted in hemodialysis cases of inner diameters of 35.5 (hi) per membrane area of 1.6 m 2 , an in vitro phosphorus 

mm, 44.0 mm and 46.5 mm, and hemodialyzers with effec- 65 clearance of at least 180 ml/min; 

live areas of 1.0 m 2 . 1.6 m 2 and 1.8 m 2 were prepared by the (iv) per membrane area of 1.8 m 2 , a ^-microglobulin 

same method as that in Example 9. clearance of at least 44 ml/min. 
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2. A bollow fiber membrane according to claim 1> which 11. A polysulfone bollow fiber mombrano according lo 
comprises a polysulfone resin. claim 10, having an albumin permeability of 0.195 lo 2.4% 

3. A bollow fiber membrane accordiog lo claim 2, which and a vitamin B 12 dialyzancc of ai lcasi 137 ml/min per 
comprises a polysulfone and a hydrophilic polymer. membrane area of 1.3 m . 

4. A hollow fiber membrane according to claim 3, wherein s j2 « A polyoulfonc hollow fiber membrane according to 
Ihe hydropbilic polymer comprises polyvinylpyrrolidont. ^aim 11 having an albumin pcrmcabilily of 0.3% lo 2.0% 

5. A hollow fiber membrane according lo claim 3, wherein and a vilamin dialyzance of al teasi 140 nO/min in a 
the hydrophilic polymer is cross-linked, module per membrane area of 1.3 m 2 . 

6. In a method, lor ibe treatment of blood lo remove i A jwjysulfbne hollow fiber membrane according to 

therefrom undesired material, io which blood is separated io fT 1 1°.' Wht f in to*"****}? 2 **™ P er nj^ne area of 

ui ciru uwmiw 7™ 1 M V . « P «»icu *u m2 . t g fljj/min mc urca dialyzance being 

from dialysate by a hollow fiber membrane capable of me asured during dialysis nfbmod containing ailed urea and 

allow.ug selective passage across sari membrane he vilamiaBl2 aU blori flow rale of 200 mtoin. using water 

improvement comprising using a hollow fiber membrane a& a d ; alysato al a dialysatc fiow rale of 500 ml/min and a 

char a cteri2ed by Bltoton speed of 10 mi/W 

0) an albumin permeability no more than 0.5%; *5 14, A polysulfone hollow fiber membrane accordiog 10 

(ii) per membraae area of L6* m 2 , an in vitro urea claim 13, wherein the urea dialyzance per membrane area of 

clearance of at least 195 ml/min; 13 Hl m2 k al left& ' 192 mtonfa. 

n^^i-h^ iRKfti^ aft* 

clearance of at leasi ISO ml/min; 20 m , mbr aiie area of 1.3 m 2 is al least 193 ralAnin. 

(iv) per membrane area of 1.8 m , a (^-microglobulin 16. A polysulfone hollow fiber membrane according lo 

clearance of at least 44 ml/min. claim 10, wherein (he water permeability of the hollow fiber 

7. A polysulfone hollow fiber semipermeable membrane is at least 500 ml/br.mmHg.iD 2 . 

characterized by an albumin permeability of less iban 15% 17. A polysulmne hollow fiber membrane according to 

and, in a dexlran diffusion test using a dexlran having a ^ claim 15, wherein Ihe water permeability of the hollow fiber 

molecular weighl of 10,000 and after 1 bout circulation of is at least 600 ml/hr.mmHg.m 2 . 

bovine scrum, and overall mass transfer coefficient Ko of at 10. A polysulfone hollow fiber membrane according to 

least 0.0012 cm/min, and having a fi -microglobulin clear- claim 17, wherein ihe water permeability of the hollow fiber 

ance of at least 44 ml/min, per membrane area of 1.8 m2. is at least 700 mi/hx.mmHg.m 2 . 

6. A polysulfbne hollow fiber membrane according to 30 19. A polysulfone hollow fiber membrane according to 

claim 7, wherein ibe membrane has a hydrophilic property claim 17, wherein the said % (^-microglobulin removal is at 

provided by a hydrophilic polymer, a porosily of at leasl least 7096. 

7&% and an asymmetrical structure including an active layer 20. A polysulfone hollow fiber membrane according to 

thereof, which active layer has an average pore radius of less claim 10, having a % p 2 -microgtobulin removal, in clinical 

than 10 nm. 35 use fax blood dialysis with a module per membrane area of 

9. In a method for treatment of blood to remove therefrom 1.3 m 2 , of at least 6096. 

undesired material, in which blood is separated from dialy- 21. A polysulfone hollow fiber membrane according to 

sa(e by a hollow fiber membrane capable of allowing claim 10, wherein |he hydrophilic polymer is polyvinylpyr- 

selective passage across said membrane characterized by an rolidone. 

albumin permeability of less than 1.5% and, in a dexlran ^ 22. In a method, far Ihe treatment of blood lo remove 

diffusion lest using a destran having a molecular weighl of therefrom undesired material, in which blood is separated 

10,000 and after 1 hour circulation of bovine serum, and from dialysate by a hollow fiber membrane capable of 

overal mass transfer coefficient Ko of al least 00012 allowing selective passage across said membrane the 

cm/min, and having a p -microglobulin clearance of al least improvement comprising using a bollow fiber membrane 

44 ml/min, per membrane area Of 1.8 m2. 45 containing in the membrane a hydrophilic polymer and 

10. A polysulfone hollow fiber membrane containing a characterized by an albumin permeability of no more than 
hydrophilic polymeT in the membrane characterized by an 2.0% and a vitamin dialyzance of at least 135 ml/min per 
albumin pcimcabilily of no more than 3.0% and a vitamin membrane area of 1.3 the vitamin D J2 dialyzance being 
B i2 dialyzance of at lcasi 135 ml/min per membrane area of measured during dialysis of blood containing added urea and 
1.3 m 2 , the vitamin B 12 dialyzance being measured during 50 vitamin B ]2 at a blood flow rate of 200 mlAnin, using water 
dialysis using, as perfusate, aq aqueous solution containing as a dialysate at a dialysate flow rale of 500 ml/min and a 
urea and vitamin B J2 at a perfusate fiow rate of 200 ml/min, filtration speed of 10 ml/min, 

and using, as a dialyale, water al a dialysate flow rale of 500 

ml/min and a filtration speed of 10 ml/min. ♦ * * * * 
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